The SU(3) symmetric chiral quark model, which describes interactions between quarks, gluons and the Goldstone bosons, explains reasonably well many aspects of the flavor and spin structure of the proton, except for the values of f 3 /f 8 and ∆ 3 /∆ 8 . Introducing the SU(3)-breaking effect suggested by the mass difference between the strange and nonstrange quarks, we find that this discrepancy can be removed and better overall agreement obtained.
I. INTRODUCTION
bosons in the region between the chiral symmetry-breaking scale (Λ χSB ≃ 1 GeV) and the confinement scale (Λ QCD ≃ 0.1−0.3 GeV). The great success of the constituent quark model in low energy hadron physics can be well understood in this framework. In the chiral quark model the effective strong coupling constant α s could be as small as 0.2-0.3, which implies that the hadrons can be treated as weakly bound states of effective constituent quarks. The model gave a correct value for (G A /G V ) n→p = (5/3) · g A ≃ 1.25, with g A ≃ 0.75, and a fairly good prediction for baryon magnetic moments.
The extended description given in [12] can solve many puzzles related to the proton flavor and spin structures: a significant strange quark presence in the nucleon indicated in the low energy pion nucleon sigma term σ πN , the asymmetry betweenū andd densities, the total net quark spin ∆Σ ≃ 1/3 and nonzero negative strange polarization ∆s ≃ −0.10. However, the SU(3) symmetry description yields f 3 /f 8 =1/3 and ∆ 3 /∆ 8 =5/3 (the definitions of f 3, 8 and ∆ 3, 8 are given in sec. II; also see [12] ), which are inconsistent with the experimental values. In this paper, we introduce an SU(3) symmetry-breaking effect that arises from the mass difference between the strange and nonstrange quarks, which results in a suppressed amplitude for producing the "kaons". The result shows that not only can the above discrepancy can be removed but also better agreement between some other theoretical predictions and experimental results is obtained. The η meson is not included in the SU(3) breaking here despite its strange quark contents because it is not well established as a Goldstone
boson. An investigation in this direction is underway and the result will be presented elsewhere. Our limited goal in this work is to look at the SU(3) breaking by first introducing the suppression of kaon fluctuations.
II. SU(3) SYMMETRY BREAKING
In the scale range between Λ χSB and Λ QCD in the chiral quark model, the relevant degrees of freedom are the quasiparticles of quarks, gluons and the Goldstone bosons associated with the spontaneous breaking of the SU(3) × SU(3) chiral symmetry. In this quasiparticle description, the effective gluon coupling is small and the important interaction is taken to be the coupling among quarks and Goldstone bosons, which may be treated as an excitation ofpair produced in the interaction between the constituent quark and the quark condensate.
Note that these Goldstone bosons can be identif ied, in quantum numbers, with the usual pseudoscalar mesons, but they propagate inside the nucleon and are not f ree on-shell mesons.
The sea quark-antiquark pairs could also be created by the gluons. Since the gluon is flavor-independent, a valence quark cannot change its flavor by emitting a gluon. Also the spin cannot be changed due to the vector coupling nature between the quarks and gluons.
On the other hand, emitting a Goldstone boson a valence quark could change its flavor and certainly change its spin because of pseudoscalar coupling between the quarks and Goldstone bosons. The presence of Goldstone bosons in the nucleon cause quite a different sea quark flavor-spin content from that given by emitting gluons from the quarks. Hence the chiral quark model may provide a better understanding to the above puzzles.
The effective Lagrangian describing interaction between quarks and Goldstone bosons can be written [12] 
and where f q = (q +q)/ (q +q) (q = u, d, s). Using the same parameters, the quark spin polarizations are also consistent with the data (see [12] ).
Defining
the SU(3) symmetry description yields
In Ref. [12] , Cheng and Li suggested that this inconsistency between theoretical prediction and data could be attributed to some SU(3)-breaking effects.
We assume that the breaking of SU(3)-flavor symmetry arises from a mass difference between the strange and nonstrange light quarks. Since the m s > m u,d the breaking would cause a suppressed amplitude, and thus a smaller probability, for a u quark to fluctuate into a K + = (us) plus a strange quark than fluctuate into a pion and a nonstrange light quark.
Defining Ψ(u → π + d) as the probability amplitude of a π + meson emission from a u quark, etc., we have
for pion emission, and
for kaon emission. The new parameter ǫ denotes the ratio of the probability of emitting a kaon to that of a pion from the quarks, and we expect 0 < ǫ ≤ 1. In the following, we will
show that a reasonable value ǫ ≃ 0.5 − 0.6 gives a good fit to the data.
It is easy to see that the nonstrange quark numbers, thusd −ū andd/ū would not be affected by the SU(3)-breaking effect arising from suppression of kaon production, but the strange quark numbers and f s would be reduced. A straightforward calculation yields the
which reduce to the SU(3) results [12] when ǫ → 1. From eqs. (2.9)-(2.11), we obtain
since data showsd >ū and a > 0, hence ζ < 1. From the data,ū/d ≃ 0.51, which leads
24, and ζ ≃ −1.2. The explanation for ζ = 1 in [12] was that the nonplanar contributions [15] in the 1/N c expansion break the U(3) symmetry. A study given in [16] shows that the singlet and nonsinglet couplings are renormalized differently in the chiral quark model due to they receive different contributions from the loops of Goldstone bosons. A detail model calculation in [16] gave ζ ≃ −2. But it still needs further study.
For the spin contents of the proton, the SU(3)-breaking results are
14)
One can see that with the SU(3)-breaking effect arising from the kaon suppression, ∆u would be more positive, ∆d more negative and ∆s less negative. Compared to the results without SU(3) breaking,
Hence a consequence of this breaking is that the strange sea polarization is reduced (less negative) and the total quark spin would slightly increase.
From eqs. (2.9)−(2.11), we have
).
(2.17)
For the nonsinglet axial charges, one obtains
18) 19) and
It is obvious that the correction factors, appearing in eqs. from the analysis given by Ellis and Karliner [18] are also shown.
Several remarks are in order.
(1) According to the analysis given in [19, 20] , the hyperon β decay data can be well accommodated within the framework of Cabbibo's SU(3) symmetry description. For example,
Ref. [19] shows that the use of SU(3) symmetry with a small SU(3) breaking proportional to the mass difference between strange and nonstrange quarks allows a very satisfactory description of the hyperon β decay data and leaves little room for any further SU(3)-breaking contributions. Similar conclusion has been reached in [20] . Hence as a good approximation, one can write
From the spin contents shown in Table II , we can calculate F/D and other weak axial couplings. The results are listed in Table III . It shows that our description gives better agreement with the hyperon β decay data [21, 22] as well.
(2) The first moments of g p 1 and g n 1 including QCD corrections can be written as
3)
where η = 0.4565 and C S (Q 2 ), C N S (Q 2 ) are the QCD radiative correction factors given in
Ref. [23] . Taking α s = 0.35 at Q 2 = 3.0 GeV 2 and using the spin contents in Table II (3) For comparison, we also evaluated a quantity defined as
which is a crude approximation of the asymmetry A 10) here the equality of the sea quark number and the antiquark number is because the sea must be f lavorless. From eqs. (3.8)−(3.10), the sea not only violates SU(3) flavor symmetry but also violates SU(2) symmetry: i.e.,s <ū <d , (3.11)
However, for a special case ζ = 1 and ǫ = 1, one obtains a complete SU(3) symmetric sea:
s =ū =d, which was discussed in [11] . The smallness of antiquark polarizations was discussed in [25] and seem to be consistent with the most recent SMC experiment [26] . It is obvious from eqs. (2.15) and (3.12) that at least for the strange quark sea polarization the equality ∆q sea = ∆q does not hold: i.e., ∆s sea = ∆s . , since no valence strange quarks ∆s v = 0, and obtain
For the SU(3) symmetric case in [12] , one has (ǫ = 1)
It implies that the sea quark of each flavor is polarized in the direction opposite to the valence quark of the same flavor. However, in the SU(3) breaking-description, ∆d sea could
(ζ 2 − 1) ≃ 0.3, or ǫ < 0.7. In this case, all sea quarks are spinning in the opposite direction with respect to the proton spin. This includes the cases (ǫ = 0.5 or 0.6) discussed in this work. A set of negative flavor asymmetric sea polarizations (|∆s| < |∆u| < |∆d| and ∆q < 0 for q = u, d, s) has been used in [27] . The result shows that a set of valence quark helicity distributions, given by the c.m. bag model, and a set of negative sea helicity distributions can well describe the spin dependent structure functions g which seem to be in better agreement with the DIS data listed in Table II and Table IV .
Note that the prediction for hyperon β decay constants, ∆ 3 , ∆ 8 and thus ∆ 3 /∆ 8 listed in Table III are not affected.
Finally, we have 20) where m u = m d and r = m u,d /m s are assumed. It is not necessary to require r to be equal to the suppression parameter ǫ. Assuming r = ǫ = 0.6 and using the numbers given in Table   II , one obtains µ p /µ n ≃ 1.40, which can be compared to the data (µ p /µ n ) expt. = 1.46. A more detail discussion on the octet baryon magnetic moments will be given elsewhere.
IV. SUMMARY
In this paper we introduced an SU(3)-breaking effect into the SU(3) symmetric chiral
The new parameter denotes a smaller probability of the kaon emission from a quark than that of emitting pions. Taking ǫ ≃ 0.5 − 0.6, the f 3 /f 8 and ∆ 3 /∆ 8 values are much closer to the data. With the breaking effect, some other theoretical predictions are also in better agreement with the experiments. The simple model suggested in this work does not have power to predict the flavor and spin distributions in the nucleon. Furthermore, no Q 2 -dependence can be discussed in this simple calculation. However, the success of explaining many puzzles by using only a few parameters encourages us to present this work and to study it further. [24] The equality q sea =q is usually taken as the def inition of q sea , but it is more appropriate to say that the equality is required by the f lavorlessness of the sea. For the sea polarization, we do not have similar requirement in general. If one def ines ∆q sea = ∆q it implies (q sea ) ↑ − (q sea ) ↓ =q ↑ −q ↓ . Considering the equality q sea =q, which gives (q sea ) ↑ + (q sea ) ↓ =q ↑ +q ↓ , we immediately find that (q sea ) ↑ =q ↑ , (q sea ) ↓ =q ↓ (q = u, d, s, ...) ; these are very strong constraints imposed on the sea spin components. It may be true for the quark-antiquark pair produced from gluons but not necessarily true in general case. For example, in the chiral quark model, one has ∆q sea = 0 and ∆q=0. After completion of this paper, we have seen a paper [29] which reached a similar conclusion in their light-cone meson-baryon fluctuation model.
